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A surface geophysical survey was conducted at the Kohala 
Ranch Development between March 26 and April 25, 1990 for the 
purpose of assisting in mapping ground water resources. 
Ground water resources in geologic settings, such as that 
found on the Kohala Ranch Development, are of two types: 
(1) Basal fresh water where a lens of fresh water floats on 
sea water, and the elevation of the interface can be 
described by the Ghyben-Herzberg equation. This 
equation states that for every foot of fresh water he.ad 
above mean sea level, 40 ft of fresh water is expected 
below sea level. 
(2) 
�
Dike�confined water where geological structures such as x&_/ intrusive rock bodies and dikes control the grounci 
'(LO�wll>' \ water regime. Fresh water heads in these areas are . \�������or controlled by many factors, and can be highly variable. 
At the Kohala Ranch both types of water resources occur and 
the geophysical surveys outlined boundaries between these types 
of hydrological provinces. In areas of basal fresh water 
occurrences the thickness of lenses of fresh water were computed. 
In areas of dike-confined water, areas of similarity in 





















This report contains the results of a geophysical survey for 
ground water resource evaluation at the Kohala Ranch Development 
(KRD) on the Island of Hawaii. The work was performed by 
Blackhawk Geosciences, Inc. (BGI) for Kohala Joint Venture during 
March 26 to April 26, i990. 
The general objective of the geophysical survey at KRD was 
to assist in characterizing the hydrologic regime in the study 
area. Recent drilling results revealed abnormally high static 
water levels in a well on the property, and the geophysical 
survey was performed to attempt to map the extent and cause of 
this anomaly. The generalized objectives for geophysical surveys 
for ground water evaluations on volcanic islands are illustrated 
in Figure 1-1. The volcanic rocks are generally highly permeable 
and this allows rainwater to percolate with little impedance 
directly downward through the island mass. The fresh water in 
these island settings is generally found in two environments: 
1. Dike-confined waters. Typically, above the rift zone, 
intrusive dikes originating from a magma source below 
can form ground water dams, and behind these natural 
dams significant quantities of ground water can be 
stored. 
2. Basal fresh water. The high permeability of the 
volcanic rocks allows sea water to enter freely under 
the island, and a delicate balance is reached where a 
lens of fresh water floats on sea water. In cases of 
hydrostatic equilibrium, the Ghyben-Herzberg relation 
states that for every foot of fresh water head above 
sea level there will be 40 ft of fresh water below sea 
level. 
At KRD both dike-confined and basal fresh water resources 
were indicated due to the large variation in static water levels 
at the various wells within the development (well #3 � 150 ft, 
wells #1 and #2 � 6 ft). The impetus for using geophysics is 
that the cost of a geophysical station is about one-thousandth 
the cost of completing a well at elevations above 1,000 ft. 
Geophysical surveys, combined with other hydrogeologic 
information, are used to provide optimum locations for well 
placement and well completion depths. 
The geophysical method employed was time domain 
electromagnetic (TDEM) soundings. This method was selected 
because it has proven effective in prior surveys in similar 
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2.0 LOGISTICS AND DATA ACQUISITION 
A brief description of the fundamentals of TDEM are given in 
Appendix A. Briefly, the logistics of a TDEM measurement consist 
of: 
1. Laying out a square loop of insulated wire. A 
generator placed in the loop is used to drive current 
pulses through this closed loop. The dimensions of the 
square loops employed depend on the exploration depth 
requirements. The dimensions of the loops used for KRD 
were 1,000 ft by 1,000 ft on each side for all loops, 
with the exception of loop 1W where a 500 ft by 500 ft 
transmitter loop was used. 
Transmitter loop wires were positioned so as not to 
cross utility lines. Soundings 1, 2 and 1W were 
positioned near wells. 
2. Making a measurement with a receiver in the center of 
the loop. The data acquired at each station was stored 
in the field on a solid state data logger and 
subsequently dumped to a computer at the end of e�ch 
field day. The data acquired at each station usually. 
consisted of measurements at several receiver gain 
settings and transmitter frequencies in order to assure 
data quality and to obtain data over the largest time 
range possible. Data quality was generally very good. 
During the 8 days of field work 24 stations (soundings) were 
completed. A daily log of field activity is given in Table 2..;1. 





















Table 2-1. Daily log of field activities 
Date (19 90) Activity 
March 26 BGI personnel mobilize from Golden, co to 














Meet with KRD personnel and check survey 
areas. 
soundings 1, 2 and 3. 
Soundings 4, 5 and 6. 
Soundings 7, 8, 9 and 10. 
Soundings 11, 12 and 13. 
Soundings 14, 15 and 16. 
Demobilize to Golden, co and perform 
preliminary analysis of data. 
Mobilize to Kailua-Kona, Hawaii. 
Soundings 1W, 2W and 3W. 
Soundings 4W, 5W and 6W. 
Soundings 7W and 8W. 






























































































































































































3.0 DATA PROCESSING 
The field data acquired each day was transferred from the 
DAS-54 data logger to a Compaq computer. The data for each 
sounding location is edited and combined (both 3 Hz and 30 Hz 
frequencies) to produce a transient decay curve. This decay 
curve is transformed into an apparent resistivity curve, which is 
entered into an Automatic Ridge Regression Transient Inversion 
Program (ARRTI). From the apparent resistivity curve a one­
dimensional model of resistivities and thicknesses is calculated. 
The inversion program requires an initial estimate of the 
geoelectric section, including the number of layers, and the 
resistivities and thicknesses of each of the layers. The program · 
then adjusts these parameters so that the model curve converges 
to best fit the curve formed by the field data set. The 
inversion program does not change the total number of layers 
within the model, but allows all other parameters to float 
freely. 
An example data set is given in Figures 3-1 and 3-2 for 
sounding KR1. Figure 3-1 shows the measured data points (in 
terms of apparent resistivity) superimposed on a solid line. The 
solid line represents the computed behavior of the true 
resistivity layering shown on the right. Figure 3-2 lists in 
column 4 the error between measured and computed data in each 
time gate. 
The apparent resistivity curves and data sheets for all 
soundings are contained in Attachment A. 
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4.0 XNTERPRETATXON RESULTS 
The main objective of the geophysical survey is not to 
obtain the resistivity layering of the subsurface, but to infer 
from the resistivity layering information about the elevation and 
thickness of the fresh water resource. The translation of 
resistivity layering into meaningful hydrogeologic information is 
generally accomplished in two ways: 
1. Using available knowledge about the relation between 
resistivity values and hydrogeology. For example, in 
the volcanic rocks of Hawaii, rocks saturated with salt 
water will generally have resistivities less than 
5 ohm-m. On the other hand, dry and fresh 
water/brackish w�ter saturated volcanic rocks and 
intrusives can have very high resistivities (greater 
than 1,000 ohm-m). 
2. Calibrating the geophysical interpretation at a well. 
In this case several wells were available for 
comparison. The approximate location of these wells 
are shown in Figure 2-1. The two wells (#1 and 2) 
located at lower elevation (1,460 ft) had static water 
levels (heads) of 6 ft above sea level. The well #3 
located at higher elevation (1,835 ft) had a head of 
approximately 150 ft above sea level. This large 
difference in heads over the approximate 4,000 ft 
distance can best be explained by major geologic 
structures (rifts, dikes, etc. ) which act to dam ground 
water flow. 
In the case where a very conductive layer is detected below 
sea level in the TDEM interpretation, then the layer is expected 
to be caused by saline saturated volcanics. Static water levels 
(heads) can be calculated from these soundings by using the 
Ghyben-Herzberg relation. This relation, however, assumes 
hydrostatic equilibrium and is not expected to apply to soundings 
in close proximity to ground water damming structures. 
The soundings acquired in a large area around wells #1, 2 
and 3 did not detect salt water saturated volcanics below sea 
level. The behavior of the ground water in these areas is, 
therefore, expected to be dike or structure controlled. Other 
TDEM soundings in the survey area were able to detect salt water 
saturated volcanics below sea level, and for these soundings 






















The results of some the TDEM interpretations are presented 
as a south to north geoelectric cross section in Figure 4-1. In 
the geoelectric section layers with similar resistivities have 
been linked together. In the geoelectric section soundings 6W 
and 4W (on the south) and soundings 10 and 16 (to the north) show 
similar three-layer sequences. The upper surface layer (44 to 
220 ohm-m) is interpreted to represent soils or weathered 
volcanics. The intermediate layer of very high resistivities 
(> 5000 ohm-m) is interpreted as unweathered volcanics. The 
portions of this layer below sea level are expected to contain 
fresh or brackish water. The deepest layer in the section with 
resistivities of 4.2 to 9.6 ohm-m is interpreted to represent 
salt water saturated volcanics. 
In the geoelectric section beneath soundings 3W, 3, 8 and 13 
a more complex layering sequence is interpreted. A third layer 
which exhibits resistivities from 2 to 22 ohm-m is interpreted as 
volcanic ash flows or altered volcanic occurring above and below 
se� level. The lowest layer beneath soundings 3, 8 and 13, with 
resistivities of 1030 to 1672 ohm-m, probably represents 
unaltered volcanics or intrusives to the maximum search depth 
(� 3,000 ft). Generally, it is difficult to discriminate between 
unaltered volcanics which are dry or which contain fresh or 
brackish water (less than 250 ppm chloride). The reason is that, 
in addition to salinity, changes in porosity and lithology also 
influence formation resistivity. 
Within the geoelectric section several vertical structures 
are interpreted. These structures are likely caused by vertical 
dikes of impermeable rocks resulting in a barrier to ground water 
flow which may explain the high level ground water head (150 ft) 
at well #3. 
4.3 INTERPRETATION MAP 
In order to incorporate all the soundings into one data s�t,· 
an interpretation map of the TDEM results for the Kohala Ranch 
area was constructed (Fig. 4-2). In this figure the soundings 
which detected saline saturated volcanics below sea level are 
separated from the soundings which have a resistive basement·(or 
conductive basement which occurs above sea level). In oth¢r 
words, soundings which are expected to represent basal saline 
water are separated from soundings which are influenced by dike 
·· impoundment or other geologic structures. 
In this figure the elevation of the top of the salt water 
interface derived from the TDEM measurements is contoured. These 
values will be approxi�ately equal to the thickness of the fresh­
brackish water lens if the basal water is in equilibrium. In 





















wells drilled on the ranch property are shown on the contour map 
(information furnished by Nance, 1990, personal communication). 
The main features evident in the interpretation map are: 
(1) Areas outside the boundary between. impounded and basal 
water generally show the salt water interface to deepen 
towards the northeast. On the south side of the 
boundary the depth to basal saline water increases 
rapidly with increasing elevation. on the north side 
of the boundary the depth to saline water increases 
gradually with increasing elevation. 
(2) The area interpreted to be effected by confining 
structures extends in a narrow zone from about 1, 000 ft 
above sea level near sounding 4 and widens with 
increasing elevation towards the northeast. Wells #1 
and #2 also lie within the interpreted dike confined 
water zone. 
Within the boundary the TDEM data can be grouped according 
to comparable model results • .  Soundings 2, 4, 11 and 14 (near 
wells #1 and #2) have similar two-layer model results. These 
soundings show a thick resistive (280 to 497 ohm-m) layer above a 
conductive layer (3 to 5 ohm-m) both occurring above sea level. 
This lower conductive layer is most likely interpreted as 
· 
volcanic ash flows or altered volcanics. 
Soundings 1, 8 and 13 in the vicinity of well #3 have 
comparable model results. Each sounding shows a four-layer 
sequence (Fig. 4-1) with the deep resistive layer (1049 to 1775 
ohm-m) interpreted as unaltered volcanics or intrusives. 
Sounding 7, which does not fit in either of these two grouped 
areas exhibits a three-layer sequence with a lower resistive 
(181 ohm-m) layer occurring approximately 748 ft below sea level. 
This lower layer may also be best interpreted as unaltered 
volcanics or intrusives. 
Soundings 3 and 15 have similar four-layer model results 
with a resistive lower layer (1030 to 1688 ohm-m) occurring above 
sea level. This layer is most likely interpreted as unaltered 
volcanics or intrusives. 
Models for soundings 2W and 3W are similar to each other, 
but are quite different from surrounding soundings (Fig. 4-1). 
These soundings are located close to the interpreted boundary 
between basal and dike-confined water. This closeness to the 
boundary may be the reason for differences seen between these 
sounding sets. 
. 
Soundings 5 and 12 have similar three layer model results. 





















occurring below sea level. This lower layer can best be 
interpreted as unaltered volcanics or intrusives. 
4.;4 HYDROGEOLOGIC INTERPRETATION 
The geophysical interpretation (Fig. 4-2) outlined two areas 
of different hydrogeologic parameters, i.e., an area in which the 
ground water is expected to be controlled by geologic structures 
(dikes, intrusives, etc.) and an area in which the ground water 
is expected to occur mainly in the basal mode. Within the area 
interpreted to be controlled by geologic structures, the 
hydrologic parameters such as static head and volume of the 
ground water resource, cannot be inferred from the geophysical 
data. This is due to the fact that the presence or absence of 
fresh water has little effect upon the electrical resistivity 
measured by the TDEM method. In areas with comparable TDEM 
results (see Section 4.3) it can be assumed that similar 
hydrologic parameters may exist. For example, soundings 1, 8 and 
13 near well #3 all display similar results, and therefore likely 
outline the extent of the structure which creates the anomalous 
head at well #3. similarly, the soundings around wells #1 and #2 
(11, 2, 14, and 4) all display similar results and could be 
expected to define the boundary of the lower heads seen in these 
wells. Geologic structures are inferred between separate groups 
of soundings with similar results (reference Figs. 4-1 and 4-2). 
In the area interpreted to be represented by basal water 
resources, the fresh water resource can be estimated by the 
volume between sea level and the elevation of the interpreted 
saline water. If this water can be assumed to be hydrostatic 
equilibrium, then the static water level (head) can be calcUlated 
using the Ghyben-Herzberg relation. Table 4-1 shows the 
thickness of the fresh/brackish water lens obtained directly from 
the model results for each sounding. 
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4.2 Values in Ohm-m 
.HORIZONTAL IEXAGERATION 2 TO 1 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
The results of the TDEM survey at KRD are summarized in 
Figure 4-2. In this figure areas of the development in which 
ground water is expected to be controlled by geologic structures 
(dikes, intrusives, etc.) are separated from the area in which 
the ground water is expected to exist in the basal mode. The 
ground water resources within the area controlled by geologic 
structures cannot be determined directly from the TDEM data, 
however, sub-zones in which the hydrologic parameters are 
expected to be the same have been identified. For example, 
soundings 1, 8 and 13 near well #3 all exhibit similar behavior, 
and therefore can be expected to define the limits of the 
structure in which well #3 was positioned. Structures are 
inferred to exist between groups of soundings with similar 
results. 
In the area interpreted to be represented by basal water 
resources, the fresh water resource is expected to be the volume 
between sea level and the elevation of the interpreted salt 
water. If the area can be assumed to be in hydrostatic 
equilibrium then the static water level (head) can be calculated 
using the Ghyben-Herzberg relation. The applicability of the 
Ghyben-Herzberg relationship in the area is expected to be 
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Honolulu, HI 96813 
Prepared By: 
Blackhawk Geosciences, Inc. 
17301 West Colfax Avenue, Suite 170 
Golden, co 80401 
May 18, 1990 





























1-iOHM-M 316. M 
-121.4 I 
rn OHM-M 340 . M 0 
� I � 
3: 
ro 
.c 1775. t­z w a: <t: 0.. 0.. 
<t: 
10 l I I II 11111 I I II 11111 I I II 11111 1 1 II 1111! �OHM-M ro r-1 co % ERROR: 3.65 
CALIBRATION: 1 -5 -4 
10 10 0.001 
TIME (SEC) 





























r\ l . 10E -··04 ..::. 
3 1.40E-04 
4 1.77E-04 
c::" 2.20E-04 ._j 
6 :�. 80E-04 
7 �:. 55E-04 
8 4. 43E-04· 
<j) 5.64E-Cll4 
10 7. 1�:E--04 
11 8. 90E-·f2l4 
12 1. H'lE-03 
l. �� 1. 41E-�B 
14 1. 80E-0:�; 
1 c• .J 2 .. 20E-0�:; 
16 2. B0E�-en 
17 3 .. 55E-·03 
18 4. 43E-QJ:::; 
19 5. 64E-0�� 
20 7. 13E --0�� 
21 8. 81E--03 
22 1.10E-02 
23 1.41E-IZI2 
24 1. 80E-IZJ2 
51.0 
:::::16.3 












3. 27E -HZ'J:::: 
2. T:')E+02 














( 1"1) <FEET> 
579.1 1 c;•(ZI(Z). 0 
::=j28 .. l 1732.6 
211.8 694. 8 
-127 .. 7 -419.1 
CALC i� ERROR 
5. 26E-H2l2 - 3 . 1 41 
4. 9S:'E -H2l2 -1.693 
4·. 86E+02 1. 058 
4.88 E+02 1.606 
4.94E+02 2.547 
5.04E+IZI2 0. 196 
�3. 1 :�)E +02 -1.261 
4. 80E+02 1. 56�: 
4.52E+02 -1. 52l 
3. S:'9E+02 -1.130 
3.29E+02 -0.4(2)9 
2.81E+02 -2.843 
2 .. 32E+02 1.523 
1.87E+02 3.585 
J. 56E+02 1.501 
1.30E+02 3.090 
1.07E+02 1. 7'::.i7 
9.13E+eJ1 --0. 692 
7.90E+01 -1.382 
6.96E+01 -·1. 4-38 
6.49E+Ql1 -6.573 
6. fll6E+IZH -0.967 
5. 83E+..(Z)1 2.780 
5.85E+Ql1 3.12(2') 
R: 15:2" X: 0. Y: 153 .. DL� :.)(2)5. REQ: 170. 







TDHZ ARRAY, 24 DATA POINTS, RAMP: 210.0 MICROSEC, DATA: KR1 
0604 0001 0001 Z OPR XTL H 4 10+100 
Ch.21 = 0.21 Ch.22 = 0.089 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 1.56E-02, ANTILOG YIELDS 3.6503 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 (ll.94 
p 2 -Ill. 0:�:. 0.fl)5 


















f.: .l 7 .L 1 .l 17 d ,� d .,.. d 1 d ·� ..:.. ... 
2:6"0 112)"(2) 2:0. ft1 
·
r. Q). Q)-· 17 (Z) • (2) .•• ��:0 • 0-· Z(Z)"!Zl ,� l. I . .:.. Q)(i) • l 10"0 (2)(2)"0 (,_?)Ql • (Z) i7QJ"I2l �Q)"QJ 
6f:3"(l) QJ(l)"Ql 1!Zl"(Z) i.� T • !i.'l-·· 8(2)"0-
Q)Ql"(Z) 0(Z)"(Z) GJQJ • Ql ��m ·r.J 
·::r J. \_J 
l .l 























































·en 1 0 I . . . . . " II I I I I I II 'I I I I I I rt 'I I ITT � % E A A 0 R: 4 . 0 2 
-4 
10 0.001 0.01 
TIME (SEC) 
CALIBRATION: 1 



























1 8 . 90E -04 
2 1. 1 0E-1Zl3 
3 1.40E-Ql3 
4 1.77E-03 












4 . 75E+02 











�5. 48E +0 1 
2.98E+I2ll 
KF\2 
ELE VAT I ON CONDUCTANCE 
( fvl) <FEET> LAYER 
438.9 1440.0 
32.:::. 105.8 1Zl.8 
CAL_C 'l. ERHOR STD EF\F\ 
4.87E+02 -2.475 
:::;; . 86E +lli2 --0.748 
2.99E+Ql2 -Ql • 1t..1 (2) 
2.32E+02 2. �548 
1.84E+02 4- .. 5t')2 
1 . 44 E+02 2. 9:::::5 
1.13E+Ql2 -1Zl.155 
9 . 13E+01 -Ql.694 
7. �51E+01 --·2. 136 




2.B7E+01 �3. 7'4-2 
R: 152. X� Ql. Y: 153. DL: 3Ql5. REO: 1 7Ql. CF: 1 • QlQlQlQl 
(E) 
TOH4L. 
0 . 8 
TDHZ ARRAY, 14 DATA POINTS, RAMP: 211Z1.0 MICROSEC, DATA: KR2 
Ql6Ql4 QlQl02 0QlQl2 Z OPR XTL L 7 10+10Ql 
Ch.21 = 1Zl.21 Ch.22 = 0.89 Ch.23 = 19.5 Ch.24 = 
RMS L.OG ERROR: 1.71E-1Zl2, ANTILOG YIELDS 4.016Ql % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
II F II !"'EANS FIX ED PARAMETER 
p l. 1Zl.23 
p 2 -1Zl.10 Ql.93 
T 1 0.1Zl2 0.00 1. (2)(2) 
p 1 p --=· ..:.. T 1 
I 










































� _L l�1030. 
tOHM-M 
10j I I I I IIIII I I I I ���rr



































'":' 1 . 10E -tzll:J. .:.. 
:3; l.40E-04 
4· 1.77E-04 
1:" .... 2. 20E --·04 .J 
6 2.80E-04 
"7 
I :�.;. 55E -04 
B 4.43E-04 
<;> 5. 64E·--0'+ 
10 7.13E-04 
11 8.81E-04 
12 1. 10E--·03 
13 1.40E-03 
1,1�. l. 77E-Ql��:. 
15 2.20E -03 
16 2. 80E-er::. 
17 3.55E-03 
18 4. 4:::::E-ec 
19 5. 64E--1Zl3 
20 7. 13E -0::::: 
2:1. 8. B1E-er�: 







5 . <:r:::: E + 0 2 







2). 1 0E +02 
2. 10E +02 
1. s:�:.E+02 











( M) <FEET> LAYEf;: 
536. Lj. 1760.0 
436.6 142:.::�. 6 0.6 
2 1 1 . 8 694.8 0. 1 
1.72.7 566.6 22.0 
CALC '1. ERROF\ STD ERR 
6 .. TSE+02 -4.598 
5.87E+02 0.317 
5.6!3E+02 4.35 6 
5.70E+lll2 ::::: .  81 1 
5 . 83E+02 1.96 1 
6. 07E+02 -3.428 
6.22E+02 --4. 078 
5. 79E+(2'J2 0 . 023 
4.95E+IZJ2 2.339 
3. 9eJE.::: +1Zl2 4·. 421 
2. 88E-HZJ2 7.532 
2. 14E+02 -·1. 9B7 
1.56E+02 - 1.680 
1.15E+Il12 - 1. 612 
8.84E+01 - 1. 21.3 
6. 78E+lZt1 -0.298 
5. ::::AE+01 -4.660 
4.40E+01 -4.6::::.3 
3. 68E+01 -5. 138 










TDHZ ARRAY, 22 DATA POINTS, RAMP: 
0604 0003 0003 Z OPR XTL H 4 8-100 
210.0 MICROSEC, DATA: KR3 
Ch.2 1 = 0.21 Ch.22 = 0.089 Ch.23 = 20 C h . 24 = 9 
RMS LOG ERROR: 2.30E-02, ANTILOG YIELDS 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
II F II 1'1EAN�3 FIXED pp,f;:AI'1ETER 
p 1. 





0. 0eJ 12'.1. eJ 1 
0.05 (Z) • tlJ '� 
0. 0�� IZJ . 00 
--(2). Ql 7 -0. IZJ,S 
12'.1.70 
0.00 0.01l1 










6!::;"0 10"12)-n "IZ) IZ)QI"IZ! !;:2"(2)-
!36 "0 trQ) 'I� 01Zl"0 {0"12)-
·:1 t d 
H_, • 0--912)"(2) i: .1. 






















- �· . 
. . 
--- -· -· -----
MODEL: 
10















































10 J I I I I II .. I 1 I I I II...... 1 1 1 r11 111 1 1 1 1 1 1111 en% ERROR: 2 . 90 
-4 
10 0.001 0.01 
TIME (SEC) 
CALIBRATION: 1 












































1. 40E-et3 2.14E+02 
1.77E-03 1. 78E+0:? 
2.20E-03 l. 37E+02: 
2. 81.:.11:::-03 1. 07E+fZJ:2 
3. 55E-Qr5 B. 55E+eil 
4. 4:3E--03 6.58E+01 
5.64E-03 5 . 33E+ 0 1 
7. 13E·-·1Zl3 4.27E+01 
8.81E-03 3.69E+01 







4 . 6!2lE+02 
3.69E+02 
2.93E+02 







4. :::: 3E ·HZl1 
3.60E+01 
3.00E+01 





















R: 152. X: 0. Y: 153. DL: 305. RED: 1 70. CF: 1 . f2H?l00 
TDHZ ARR AY , 13 DATA POINTS, RAMP: 215.0 MICROSEC , DATA: KR4 
0704 0004 0004 Z OPR XTL H 4 8+100 
Ch.21 = 0.215 Ch.22 = 0.089 Ch.23 = 20 Ch.24 = 
RMS LOG ERROR: 1.24E-02, ANTILOG YIELDS 2.9037 'I. 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
" F "  MEf�NS F I X ED PARAMETER 
p 1 0.61 
p 2 -0.14 0.85 
T 1 (2).(2)1 (2).00 1. 00 
F' 1 F' '? T 1 
- - -- � - -� ... . - - - - -· -· - - - - - -
KR5 MODEL: 
6 
10 u 164. 1 






ro ��514. I 
� "1 I t-f OHM-M 
t-f l -> m 
700. M 
t-f 4 w 




' ·r-t 360 
W I U 
• 
a: m OHM-M 0 
r I w 
z I � 
� 10001 � 
& � 
� 
4 I � 
� ro 100+ I II ""'I I II ""'I I I """I I I ;;;% ERROR: 5.48 
-5 -4 CALIBRATION: 1 






















MODEL: 3 L (-\Y E� F;: f3 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE (5) 







3 :1. .. 40E-04 
4 1. 77E--04 
5 2.20E-04 
6 ::. BlZJE -04 






11 8. 912lF.:": -04 
12 1.l0E-03 
13 1. 40E--03 
14 1 • BG·:JE --!ZJ�:;. 
l :s :' .. 20E -0:�:. 
16 2.80E-03 









5. f.:8E:·HZJ2 5.74E+02 
5.61E+02 5.56E+02 
5.65E+!Zl2 �s. 47E+!Zl2 
5.65E+02 5.48E+02 
5. 86E·H�2 5. 6::::;E+02 
5.98E+02 5.72E+02 
6.06E+02 6 . 12l 1 E+02 
6.32E+02 6.39E+02 
6. 20E+Ql�2 6. 4:-2E+02 
6.38E+02 6. 7e1E+02 
6.74E+02 6.88E+02 
7. 05E-HZJ2 6. 74E+tzJ2 
6. 94E·H�2 L,. 55E+02 
6.49E+02 6. :'i8E+02 
6.08E+02 6.05E+!Zl2 




-5::17. 0 (2).5 











-3 . 52 6 
·-4. 7:'i2 







R: 152. X: 0. Y: 153. DL: 30.5. 
TDHZ ARRAY, 19 DATA POINTS, RAMP: 
0704 0005 0005 Z OPR XTL L 7 10+100 
REQ: 170. CF: 1. 0000 
2 15.0 MICROSEC, DATA� 
Ch.21 = 0 . 215 Ch.22 = 0.89 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 2.32E-02, ANTILOG YIELDS 5.4789 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 








0. IZIIZI -·-IZJ. 0 l 
0.00 -IZI.01 
0.012l 0.01. 
F' 1 F' �.\ 
J. •• 
'�. 99 
(Z). G"1C!J 1. 0IZI 
IZ! .. (Z)l 0.00 
F' -:r 
-· T 1 
0.99 






























I - 1 r---
MODEl_: 
u 138. I 










QJ -� 7. 49 










10 I I II '""I I ""'"I I II '""1 I I " .... 1 r-t CD % ERROR: 3.42 
CALIBRATION: 1 -5 -4 

























l"iODEL: ::-::. U-YY'EF�S 
RESISTIVITY THICKNESS 
COHM-Ml <Ml 




7 .. ·'+9 
TH1ES DPrTt::; 
1 8. 9!ZlE - 0!:-::i 4 .. 74E+02 
2 1 • 1 ClE -·!Zl4 4.44E+02 
:: 1 .40E-!Zl4 4.23E+<Zl2 
4 1. 77E-04- 4. (ZJ5E+!ZJ2 
c:::-
,J 2. 20E-(Zil.f. 3. 97E+C12 
6 2. 8C:IE-12'J4 3.90EH�2 
-, 3.55E-04 I 4.05E+02 
8 4. 43E-·04 4.32E+IZJ2 
9 5. 64E--04 4.69E+02 
10 7.13E-04 5.25E+02 
11. 8. 81E--04 5.52E+02 
12 8.90E-1Zl4 5.30E+02 
13 1 . 1 !ZlE - er::. 5.29E+Ql2 
14 1. LJ-0E-liY3 4.85E+Ql2 
1<= • ..J 1. 77E-0::::: 4.1.3E+02 
16 2. 20E-0�5 3.16E+02 
17 2. 80E --·03 2.59E+IZJ2 
18 3. 55E:-·IZ13 1 • '7'3E + 02 
19 4.43E-03 1.65E+02 
20 5. 64E--03 1.27E+IZJ2 
21 7. 13E--Ql3 1.03E+IZJ2 
22 8.81E-03 8.46E+IZI1 
,.,� .... -.....} 1 . leJE ·-02 7.13E+01 
24 1.41E-1Zl2 6.00E+01 
'"'I::' 
..:;.� 1 • 81ZJE --02 5.12'J4E+01 
26 2. 22E-·02 4.25E+01 
27 2.85E-12l2 3.61ZlE+01 
28 3. 60E-e)2 3.21E+01 
I:::F-"<t.> 
El_EWYr I ON CONDUCTANCE 
(!"!) <FEET> U.WER 
472.4 15:)0. (ZI 
36::'i. (:;, 1199.5 0.8 
-82. E3 -271.6 IZ). 1 
cr�Lc I. ERROR STD ERR 
4. 9lE+V.12 -3.41.7 
4. 4-6[::+02 -0. 3T1 
4. :L 2E +!Zr.;� 2.729 
3. 94E-H.'J2 2.795 
:::::. f38E+02 2. 3:::.9 
:::: . 9::: E+ IZ12 -0.826 
4.11E+02 -1.41.3 
4. 3 9E+I2l2 -1.683 
4.80E+IZJ2 -2. 1:3;8 
5.20E+02 0.939 
5. 4-1E+02 1.980 
5. 4:::E+02 -2.124 
5.29E+02 -(Zj,.Q)23 
4.71E+02 2.928 
3 .. t?3E+IZl2 5.208 
3.21E+02 -·1. 757 
2.54E+02 1.880 
2.1Zt1E·+·02 -4. llt66 
1. f:�2E+02 1.434 
1.29E+02 -1. 99:'.; 
l .. 05E+IZ'J2 -1.622 
8. 7(ZJEHH -2.761.J 
7. :2:5E+IZl 1 -1.712 
5.94E+01 1 • 1 03 
4.96E+IZI1 1. 752 
4·. 26E-H2ll -0.441 
3.62E+CZi1 -0 • ..S25 
::: . l4E+01 2.487 




0 . 9 
TDHZ ARRAY, 28 DATA POINTS, RAMP: 215.0 MI CROSEC, DATA: KR6 
0704 0006 0006 Z OPR XTL H 3 8+100 
Ch.21 = 0.215 Ch.22 = 0.089 Ch.23 = 2Ql Ch.24 = 
RMS LOG ERROR � 1.46E-02, ANTILOG YIELDS 3.4162 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
" F " MEfV·m F7l XED F'{..lf;:AMETER 
. .,.. ..L 1: .l £ d .... d "]: .:. .. .:... 
£<!:> • (7.) r.zn "(7.) Z0"Ql T.0"0 
1.11. (7.) LQI "(Z) �:0 • 12)--
I'":'" 
L\� "Q) (Z)((). (i, 
fll0 . ([) 
d 
L(lJ"(Z) '7 ·� 
,. ..... ,-. .::J . .:.. . �)·-� 
Z:(2) "(ZI •:�· • .:N 
T0 • Q) ::-- � 
�:r I 




























































































0 1 OFFSET: 152. M 




































2 1. 10E-04 

































7. 1. 3E --04 
B.BlE-04 
1.1CZJE-03 
1 .. 41E-12l3 




2. B::iE ·-03 





































CALC % ERF\:OR 
7. 5�)E +02 -6.635 
6. 71E+0:� -�.836 
6.01E+02 �::.. 7(2)8 
�j. 47E+IZI2 3. 91�j 
5.02E+02 3.004 
4·. 5::::E+v)2 -·IZJ . 0:::::9 
4.03E+02 -1.140 
:::::. 53E+02 -2.387 
2.97E+IZl2 -2.623 
2.50E+IZI2 -1.505 
2.12E+I2l2 ·-3. 142 
1.78E+02 -·1 . .-:j.c;·s 
1.46E+02 1.410 
1 . 23E+02 2.053 
1.1ZJ7E+02 3.589 
1.1Z16E+02 4.319 
9. 01E-HZl1 3.595 





4.59E+IZll 12). 2!35 
4.21E+IZI1 1. 2:.::.6 
3.87E+I2ll 1.608 
3.68E+IZJ1 -1.434 








R: 1 �i2. X: 0. Y: 153. DL: 305. REG"!: 1 712l. CF: 1 . 0000 
TDHZ ARRAY, 27 DATA POINTS, RAMP: 215.0 MICROSEC , DATA: KR7 
�804 0007 0007 Z OPR XTL L 6 10+1000 
Ch.21 = 0.215 Ch.22 = 0.89 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 1.79E-02, ANTILOG YIELDS 4.2075 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated �· 
PARAMETER RESOLUTION MATRIX: 
II F: II ME��I'.Jb F I >:ED F'ARPtMETEF\ 
1::· 1 1. • IZHZl 
.;;.. . .L l .l 
·-
d :� d .OC. ·� 
Qlf.Z) • l 0!li"Ql !;fZ)"(l)-(2)(2)"(2) 
(()Q) • l QHZl. Ql (2)(2)"(2) 
�;l • 0 !Ql"t.-1-

























... 0 .... ---- • 0 •• • 0 
-------------------
10 5 � 






(f) � w 0: 
t-
1001 z w 0: 
<( 
a. 










I I I 1 II llj 
0.001 
I 






+J OHM-M 82.1 M 
ro 








C1) OHM-M 271. M 0 






I I I I llllj;;:;% ERROR: 2. 70 
CALIBRATION: 1 




















MODEL:: 'I· U-W E:.F;: �:; 
RESIST I 'v' I TY TH I Cf:::I\IE:S�:; 
( 01-ll'1--M) ( 1'1) 
136.65 82.1 
�;42. '7'7 1 :.:;�:,. ::; 
22 .. :3:0 27 1 . 3  
1671.75 
T 11'1ES D,:n P; 
1 8. 90E--05 5.37E+I2l2 
�. 1 . 1 fZtE -04 ..::. 5.01ZlE+02 
"1' l.. 40E-·04 ·-· 4.7lE+02: 
4 1. 77E--04· 4. ��:BE+02 
r. :�. 20E--04 ..J 4 . 05E +02 
6 2. 8�-:tE.--04 ��:. 58E +(�2 
"7 
I �:;. .. 55E-·04 :::: . l8E +02 
B 4. Ll·�JE:--04· 2. 7 6E -1-02 
t? �'i. 64E -·(�4 2. ::;;��:E +02 
l(ll 7. 1 �JE-.. 04 l. 98E-H:J2 
1 1 8. 90E·--'H 1.62E+02 
12 1. 1 m�---0:::  1.38E+02 
1 ":'' .. ) 1. 41E·-03 1. 1 9E:+02 
14 l. 77E--·0:3 :l..00E+02 
15 :::�. 20E·-�?J3 8. 4C:,E +0 1 
16 2. BC�E--03 7.27E+01 
17 :.::; . 55E-·03 6.1.6E+01 
18 4. 4 c,:·E --er.::. 5.73E+01 
1 9  �i. 70E-·-lZJ3 5 . 49E +0 1 
2fZI 7. 19E--03 5.35E+01 
f·::HH 
E=LE'v'ATION COI\IDUCTAI\ICE (S) 
01) <FEE.T > LAYEF� TOTAL 
�;48. 6 1800.0 
466. (�") 15��0. 7 0.6 0.6 
:::.1 :::: . 1 102 7 . 1 0.3 0.9 
41.8 1::::7. 1 1 r? �'"'.\ .<.. .  ""- 13.0 
CALC �� ERF�OR STD ERR 
5. �5eJE:+02 -2.349 
�i. 0::;E +Q)2 _,�. 82:) 
4.b4E+02 1 .t", 1 9  
4. :::: 1E-l .. fZt2 1. 490 
"-1. kHE+02 1�. 987 
3. t:.l E +fl;2 - 0 . 779 
3.l'?'E+02 -Ji.j. 5:1.4 
2. 79E+0::2 -·0. 819 
2.32E+02 0. 4:::::2 
1. 9!:-iE+02 1.337 
1 . C:,(.£ +(ZI2 -2. 2 1 1  
1. 4�1E+02 -1. 6(7J.Ll 
1.16E+I2l2 3. ::�85 
s·. B0E+1�1. 2. 1 41 
8. 4��EHZl1 12l.3i.J.3 
7.24E+01 0.483 
6. 4:::E+01 -4.264 
5.80E+01 -1.254 
5 . 45E+01 0.714 
5 . 25E+J2l1 1. 842 
R: 152. x� Ill. Y: 153. DL: 305. 
TDHZ ARRAY, 20 DATA POINTS, RAMP: 
0812l4 0008 0008 Z OPR XTL L 7 10+100 
REQ: 170. CF: 1.0000 
215.1ZJ MICROSEC, DATA: KRB 
Ch.2 1 = 0.215 Ch.22 = 0.89 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR� 1.16E-02, ANTILOG YIELDS 2.6954 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 





0 . 9 !:.) 
l2l. e10 e1. 1 0  
0. 12ll -·(!). Ill l 
0.1Zl0 0 • (1)(2) 
T l -Cl) .. l. (� -·f2l .. 20 
T 2 0.05 eJ. 1 ::i 
(1.). 98 
IZJ.(Z)(Z) 0.0CZJ 
f2l • 0 :::� CZJ.0(2) 
riL 0eJ 0.(2)0 
T -�· ,_. 0.02 -0 . 04 -0.02 -0.01 
0.74 
0. 1 :�: eJ. 9::::. 

































10+ 1 1111111f -rlllii rlj 
-4 





























1 1 1 11 "" 1 1 1 1 rm! % ERROR: 4. 83 



























T I MES 
1 8 .. 90E·-04 
2 l.i!ZJE-03 
3 1. 40E-03 
4 1. 77E--03 
c::· 
..J 2. 20E-IZJ::::; 
6 2. 8!2lE --0::; 




1. 1 8.81E-03 
12 1.10E-02 
13 1. 4l.E-·Ql2 







:::. 8 7E+0 2  
2.90E+02 
2 . 29E+ 0 2  




















































0. 1 0. 1 
STD ERR 
R: 152. X: 0. Y: 153. DL: 305. RED: 170. CF: 1.0000 
TDHZ ARRAY, 15 DATA POINTS, RAMP: 215.0 MICROSEC, DATA: KR9 
0804 0009 0009 Z OPR XTL L 7 10+100 
Ch.21 = 0.2 1 5 Ch . 22 = 0.89 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 2.05E-02, ANTILOG YIELDS 4.8262 % 
LATE TIME PA�AMETERS 
* Blackhawk Geosciences, Ihcorporated * 





MEANS FIXED PARAMETER 
0.04 
-0.08 0.18 
-0.02 -0.01 0.98 
P 1 P 2 T 1 





























10 1 I 1 I I I liTO I I i I I 1111 It I 111111 I I I I 
-4 



















"8 9. 66 










% ERROR: 5.82 
CALIBRATION: 1 
























ELEV ATION CONDUCT��NCE 
( M) <FEET) LAYEF: 
563.9 1850.0 




597.::::; -124.8 -409.4 IZI. 1 
TH1ES DATA CALC 
1 1.412lE-Ql4 6.56E+IZl2 6.87E+IZl2 
2 1. 77E·-04 6.82E+l7.J2 6. 84·E+02 
:3 2.20E-!Zl4 7 .. 13E+02 6.97E+!Zl2 
4 2.80E-04 7.36E+IZJ2 7.33E+02 
5 3.55E-04 7.97E+02 7.90E+IZJ2 
6 4. 43E-·12l4 8. 72EH'i2 8. 6�l.E+IZl2 
., 5.64E-Ql4 I s>. 42E +02 9.53E+IZJ2 
8 7.13E-!Zl4 1.1ZJ2E+03 1.02E+03 
9 8.81E-Ql4 l.IZJ5E+IZl3 1 • 02E _, .. 12)3 
11Zl 8.917.JE-04 9. CJ'7E+02 1. 1Zt2E+03 
11 1. UZlE-03 1.1ZJ1E+03 C). 43E ·HZl2 
12 1.117.JE-03 9. 17E+IZJ2 9.41E+IZl2 
12; l .. 40E-03 7.84E+IZJ2 7.91E+IZl2 
14 1. 77E-(lf5 6.21ZJE+02 6.36E+IZJ2 
1 <::" •.J 2. 217.JE ·- 03 5.18E+I7.J2 5.11E+IZI2 
1L1 2.817.JE-03 3. BCJ'E +(2)2 3.98E+02 
17 3.55E-!Zl3 3.10E+IZJ2 3.1.3E+02 
18 4.43E-03 2.56E+IZJ2 2.51E+02 
19 5. 64E--(13 1 . 84E+IZJ2 1.98E+02 
20 7.1.3E-03 1.64E+02 1.59E+IZJ2 
21 8.81E-03 1 • T:�:E +02 1. �51 E+02 
,. .. , ,.., ..::..c.: 1. • 1 0E -(2)2 1.09E+02 1 • IZJCJ'E + IZJ2 
23 1.41E-17.J2 8.91ZJE+Ql1 8.82E+I7.Jl 
24 1 • 80E -·!Zl2 7.71E+IZJ1 7.31E+01 
�c.::-.4.:.\.,.J ::. 22E-Ql2 6.71ZJE+IZI1 b.24E+!Zl1 
26 2.85E-02 5.53E+01 5.25E+IZJ1 
27 :::;; • 617.JE --(2)2 4.27E+IZJ1 4.51E+01 
28 4.49E-1Zl2 :::::.61E+IZJ1 3.95E+01. 
R: 152. X= !Zl. Y: 153. DL� 305. 


































TDHZ ARRAY, 28 DATA POINTS, RAMP: 
0804 IZJIZJ11ZJ 0010 Z OPR XTL H 5 8+11ZJIZJ 
2 1 0 . 0 MICROSEC, DATA: KR10 
Ch.21 = IZJ.21 Ch.22 = 0.1ZJ89 Ch.23 = 21ZJ C h . 24 = 9 
RMS LOG ERR OR: 2.46E-IZJ2� ANTILOG YIELDS 5.8237 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F:" 1"1EANS 
F' 1 0.91 






















I Z:l ll £d Z:d ld 
I 
��·l z;�·� ��·� z�·0 l0"� Z: 1 
98"� £0"0 3l"0-tl"0-t l 
I 





























































.- 1 1 ' 1 '''I .---,.-1 1 11 'I 1 1 1 1 1 1 nl rn% ERROR: 4. 95 
0.01 0.1 
TIME (SEC) 
























MODEL: 2 LAYE�7.;S 
RESISTIVITY THICKNESS ELEVAT I ON CONDUCTANCE <S> 
<OHM-M> CM) <M> <FEET> LAYER TOTf�L 





�; 1. 10E·-12l3 
4 1 . 41ZJE -er::. 
r.::- 1 .. 77E -er:::. ,_, 
6 2. 2��E-03 
-, I 2.812lE-12l3 
8 3. 55E-IZJ:J 
9 4 n 43E-e'J:�) 
10 :'i. l:.-4E -·03 
1 1 7. 13E·- 0�:. 
12 8. 81 E --0:: 
13 l n 10l::'. -12)2 
14 1.41E-02 
1 0::' ·..J 1.8iZlE-!2l2 
16 2.22E-IZJ2 
17 2. 85E --02 
392.9 
DATA 






1 .43E+Ql 2 















4 .. 03E+02 
3.!2l4E+02 
































3 . 643 
8.031 
0 . 2 
STD ERR 
REO: 170. CF: 1.0000 
0.2 
TDHZ ARRAY, 17 DATA POINTS, RAMP: 
0904 0011 0011 Z OPR XTL H 4 8+100 
210.0 MICROSEC, DATA: KR11 
Ch.21 = 0.21 Ch.22 = 0.089 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 2.10E-02, ANTILOG YIELDS 4.9522 X 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX� 
II F II MEANS FIXED F'AF.:AI'1ETER 
F' 1 0.09 
p 2 --12).09 Ql • c;· Lj. 
T 1 IZJ.(2)0 IZJ.(Z)Ql 1. 00 
p 1 p -::· -· T 1 
-------------------
KR 12 MODEL: 
_ 
� OHM-M 35.4 M 
� 5 � g � 10 � I� 336. 






� 10 � ____ ----�.. __ 
H W 
(f) 
' ·z; 79 . 0 
� I �OHM-M 
� I I� � 10001 l� � J � � � � u ro 
...--t 
100 I I I IIIIIIJ -r I 1111111 I I 1111111 I I 1....-rT�CD% ERROR: 3.86 
-5 
-4 CALIBRATION: 1 





















MODEL= 3 UWEF�S 
RESISTIVITY THICKNESS 
<OHM-M) <M> 
136 . 87 
f::F: 12 
ELEVATION 
( M) <FEET> 
585.2 1920.0 




690.5 -· 1 40 . 7 -461.6 
T II'1ES DATA C?LC �� ERRDF\ 
1 8.90E-05 6. 1 5E+02 ('J. 55E +02 -6.116 
�. 
� 1.10E-04 5.85E+02 5.93E+02 - 1 .298 
3 1.412lE-04 5.51E+I2l2 ::i .. 35E +02 2. 9tJ5 
4· 1.77E-04 5.08E+02 4. 87E+I2l:� 4.3 1 9  
5 2. 20E --04 4 .. 72E+02 4 .. 54E+(Zl2 4.040 
6 2.80E-04 4.28E+02 4.24E+02 1. 092 
7 �2.. 55E -04 4.01E+IlJ2 4.12l0E+IZl2 0.279 
8 4.43E-04 3.79E+02 �5. 86E +IZJ2 -· 1 . 850 
c:r �5. 64E--04 3. 63E+I2l�2 3 .. 72E+02 -2.321 
112l 7. 1 3E-04· 3. 6�JE +02 �J. 64E+02 -llJ.346 
1 1 8.8 1 E-12l4 3.54E+02 3.61E+I2l2 -1. 973 
12 1 .  1 0E·-el3 3.56E+I2l2 3.58E+IZJ2 -0.6 1 1  
1 -�· 
·-· 1 . 4�,E -03 3.55E+02 3. 4'7'E+02 1 .  867 
14 1 .  T7E·-·IlJ3 :::::. 50E+02 �.:: . 40E+02 3. IZJQ:I2 
15 2.20E-(Z]3 3. 1 7E+02 3.27E+el2 -2 .. 856 
1 6  2. BIZJE -0::::: 3. 06E+L?l2 3.02E+02 1 . 33'7' 
17 :::;; . 60E--03 2.80E +02 2.81E+Ql2 -0. 1 26 
1 8  4. 4�� [-Q:I3 2.53E+02 2. 56E+IlJ2 -1. 07t-.> 
19 5. 70E-0�J 2 • :::mE+ IZI2 2.34E+I2l2 -:l. 638 














TDHZ ARRAY, 20 DATA POINTS, RAMF� 210.12l MICROSEC, DATA: KR12 
0912l4 12l0 1 2  0012 Z OPR XTL H 4 8+100 
Ch.21 = 0.21 Ch.22 = 0.089 Ch . 23 = 20 Ch.24 = 9 
RMS LOG ERROR: 1 .. 64E-Cll2, ANTILOG YIELDS 3.8581 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.58 
p �  0
. 10 0.89 
p 3 0.02 -0.04 0 .. 1 5  
T 1 -0.30 -12).08 -0.02 0.2 1 
T 2 -0.04 0.06 0 .. 17 0.06 (2).83 






















u -------+---c:: Q.) 
·z; 16.5 
en OHM-M 0 Q.) (.!) 
� � ro .c.1049. 
�OHM-M ro r--1 
125. M 
1 0 I · I I I-, ' ''I 1 , • ' ' ' ''I ' • 1 • , , ''I , , • , , , ••I en % ERROR: 3 . 59 
-5 
10 
-4 CALIBRATION: 1 
10 0. 001 0. 01 0. 1 OFFSET: 152. M RAMP: 210.0 
TIME (SEC) 




















IVIODEL: 4 LAYEf;:�"J 
RESISTIVITY THICKNESS 

















































��:. 61 F.::+m::: 













='i. 44E +0 1 
5.70E-HZl1 
6.16E+Ill1 
I<R 1 :::; 
ELEv'ATION CONDUCT A��CE 
(!-1) ( FEET > U4YER 
512. 1 1680. ca 
47 1 .8 1547.8 0.6 
306.5 1005.b 0. 2 
18:1..5 595.4 7.6 
C�)LC �� ERF.:OR STD ERR 
4. 2LIE+C2l2 -4.287 
3. '7'7E+02 --1.776 
3.73E+02 1. 238 
:::::. �j2E +02 :::.::.49::::: 
3.32E+02 2.655 
3. f2HZ'JE+02 (Z). ��)69 
2.58E+IZl2 1. 184 
2.21E+IZl2 -·1.c1'13 
1 .78E+CZJ2 -2. 1Zlt':>6 
1. 4-2E+I2l2 0.712 
1.19E+02 -2. 175 
9.96E+IZJ1 -0. :::;68 
8.34E+0 1 1. 908 
7.30E+01 1. 735 
6. 62E+01 1 • 4-78 
6.05E+01 4.074 
5.85E+f.Z'Jl -12).695 
5.75E+CZJ1 - 5.412'18 
5.71E+I2l1 -0.105 
6 . 1ZJ7E+01 1. 577 






TDHZ ARRAY, 20 DATA POINTS, RAM� 210.0 MICROSEC, DATA: KR13 
0904 0013 0013 Z OPR XTL L 7 10+100 
Ch.21 = 0.21 Ch.22 = 0.89 Ch.23 = 20 Ch . 24 = 93 
RMS LOG ERROR: 1.53E-02, ANTILOG YIELDS 3.5873 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences� Incorporated * 








MEANS FIXED PARAMETER 
0.91 
0.00 0.05 
0.03 -0.04 0.90 
0.00 0.00 -0.01 0.01 
-0.12 -0.15 0.05 0.00 0.80 
0.02 0.07 0.02 0.00 0.03 
0.04 -0.06 -0.12 -0.03 0.06 
P 1 P 2 P 3 P 4 T 1 
0.98 
(Z) • Ql ::� 
1 . . �.1 .. _ 





































10 I -·I I I I I til] 1 T 1 I I I Ill T-r-rTTTTTf 
-4 





























r-.--r-T'j �% ERROR: 3. 15 






















I"IODEL: 2 LAYEF�S 







3 1 • 1 0E -0::::. 





















4. ��H E+02 













































1 c:· • ._j
STD ERR 
R: 152. X : 0. Y: 153. DL: 305. REC!: 170. CF: 1. 0000 
TOTPtL 
1.5 
TDHZ ARRAY, 13 DATA POINTS, RAMP: 
1004 0014 0014 Z OPR XTL H 4 8+100 
210.0 MICROSEC, DATA: KR14 
Ch .. 21 = 0.21 Ch.22 = 0.089 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 1.35E-02, ANTILOG YIELDS 3.1 468 X 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.98 
F' 2 -0.04 0.B6 
T 1 0.00 0.00 1. 00 
F' 1 p '":• 
-<-- T 1 
-·- � 








� 10 :! j 
















10 I I I I 111111 I I I TTTII  I I 1111111 
-5 -4 




� OHM-M 127. M 
co 
1716. -+-



















--r-TITT� CD% ERROR: 5. 82 




















MODEL: 4 LAYEF.:S 
RESISTIVITY THICKNESS 
<OHI"I-M) < M) 
221.39 
715.52 
2 .. 5C} 
1687.80 
T I ME S  
l F.:l.90E-05 





5 2. 20E·-04 
6 2. 80E --04 
7 3.55E-04 
8 4. 43E --·0'l 
9 5. 64E --04 
10 7.13E-04 
11 B. 81E-·!Zl4 
12 l . 1. DE -0�5 
13 1. 40E·-03 
14 1. Bv)E-·0�5 
1 C:' ._J 2.20E-Ql3 
16 2.80E-03 
17 3. 55E-·03 
18 4. 4��;E -·0�5 
19 �i. 64E --0�5 
2!Zl 7. 13E-·!Zl3 




























kf� 1 �::i 
ELEVATION CONDUCTANCE 
( M) <FEET) LAYER 
59'1.4 1950.0 
467 .. 4 1533.4 0.6 
254·. �j 834.9 0.3 
192.4 63 1 . 2 24.0 




6.61E+02 2. 53 1 
6.64E+I2l2 -0.114 
6.69E+02 -4. ��37 
6.66E+!Zl2 -��:. 917 
6.37E+IZJ2 -3.055 
5.42E+Q.l2 1 • 4:2.�4 
4.29E+02 5.417 
:;, 38E+Ql2 4.494 
2.50E+02 -3.088 
1.81E+02 -2.493 
1.31E+02 7. (2'):3:3 






:::;; • 04E +01 1.162 
2.80E+IlJ1 6.486 






TDHZ ARRAY, 22 DATA POINTS, RAMP: 210.0 MICROSEC, DATA: KR15 
1004 0015 0015 Z OPR XTL H 6 8+100 
Ch.21 = 0.21 Ch.22 = 0.089 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 2.46E-02, ANTILOG YIELDS 5.8206 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F" MEAI'-.1�3 FIXED F'ARAMETEF\ 
F' 1 0 .. 82 
p ., (-!). 08 (2).02 
p 3 --Ill. 01 --(ZJ. 01 0.49 
p 4 Q). Q)(ll 0.00 0.(Z)!Zl 0.00 
T 1 -0. 25 --Ill. 05 0.05 llJ.Ql(Z) 0.37 
�� .L 
7 
l l .L 17 ·:::1 
,-. 
d ·� L. 
"!: ��: "!Zl �;Q). 0 ';(Z)"Ql lZl !.:1 • [il '7•';'· w . .:.... 
'7L "Ql v·-::.. "121 00"0 H1 
..,.. 
d l d ·:... 
"0-l(2)"(2)-lQ)"(i') 























I 4 I � 10 i 























-1-J OHM-M 109. M 
ro 
�� I �gooo 
COHM-M 
557. M 
L_ w u 
c 
w 
·G 7. 62 









% ERROR: 6.49 
CALIBRATION: 1 







































12 1 • 10E -fZJ�S 
l":r �' 1 .. 40E-03 
14 1. 77E--IZC 
15 2.20E-03 
16 :2:. 80E-Ill3 
17 3.55E-Ql3 
18 l.J . •  4�:E-03 
1'-,1 5.64E-03 





































< M) <FEET> LAYER 
576. 1 18'7'0. �� 
46 7. '� 1532.2 0.5 
-·89. 8 -2'7'4. El Q). 1 
CALC I. ERROR STD ERR 
8.20E+Ql2 1. 241 
7.77E+02 (2).452 




8.59E+fZJ2 -3. 4<7'5 
9.62E+02 -1. 94'7' 
1. <Zl4E+03 :::.�. 482 
l..06E+03 14·. 882 
1.10E+03 0.192 
9.61E+fZJ2 -·1. 688 
7.74E+02 1. 247 
6.25E+02 0.537 
4.98E+02 1.242 
3. 7S'E+02 2.157 
2.99E+02 -5. 182 
2.38E+02 -Q'J. 958 
1.85E+02 0.467 
1.49E+IZt2 --7.451 




5.62E+01 2. sct3 





TDHZ ARRAY, 25 DATA POINTS, RAMP: 
1004 0016 121016 Z OPR XTL H 5 8+100 
210.0 MICROSEC, DATA: KR16 
Ch.21 = 121.21 Ch.22 = 121.1ll89 Ch.23 = 20 Ch.24 = 9 
RMS LOG ERROR: 2.73E-02, ANTILOG YIELDS 6.485121 I. 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
II F II 1'1EANS FIXED F'?�R{-11'1E TER 
F' 1 l. 00 
F 2 e,. 00 lll.IZI0 
F' :��; Q).llJQ) 121.00 1 • ({)0 
z � t l £ d z � t d 
��-1 00"0 00"0 00"0 00"0 







































I r�----�--� D 1806. 
Q.) 






























"..... II ""I .----. TTl� %ERROR: 6.70 
-4 
10 0.001 0.01 
TIME (SEC) 
CALIBRATION: 1 









































:l. • 41ZJf.:: -0�5 
1.77E-03 
2. 20f.::--0:�; 

















9 . 32E+0 1 
7.12E+01 
�i. 49E+01 
4 . 55E+01 














2 . 56E+02 
:2 . 00E +0 2 
1.=i1E+02 




4. 4'7E+0 1 
2::.57E+01 












1 . 055 
-1.:::::14 
1 . 157 










"' ·'"') IU • ..:.. 
STD ERR 
CZl.2 
R: 7 6. X� f2l. Y � 7 6. DL: 152. REO: 84. CF: 1 . 0000 
TDHZ ARRAY, 16 DATA POINTS, RAMP: 140.0 MICROSEC, DATA: K1W 
2304 1CZl0N 001W Z OPR XTL H 4 8+100 
Ch.21 = 0.14 Ch.22 = 0 . 089 Ch . 23 = 22 Ch . 24 = 2 
RMS LOG ERROR: 2.81E-02, ANTILOG YIELDS 6.6956 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
II F II 1"1El2)NS 
F' 1 0 .. ::::.3 
F' 2 -0. �50 





P 2 T 1 
--
-
- - - - - - -
-







!3 � § � 
t-1 4 
� 10 H 
(J) 
w a: 













































% ERROR: 2.21 
CALIBRATION: 1 





















1'1DDE�L: 3 LAYERS 
RESISTIVITY THICKNESS 
<DHM-Ml <M> 











7 �:;. 64E-04 
8 7. 1 �5E-04 
9 B. B1E-·0Ll· 
11Zi 1.10E-03 
1 1 L 41E-03 
12 l. 77E-·0�5 
13 2. 22E--tzJ3 
14 2.B0E-03 
15 :::::. 55E-03 










6. 6c'JE -H2l2 











< M) <FEET) LAYER 
560.8 1840.0 
486.7 15f:f6. 7 0.5 
-97. ::; -320.0 0.6 
CALC /. ERROR STD ERR 
6.22E+02 -1.418 
6.1Zl3E+02 -0.371 
5.96E+02 0. cr::.:7 
5.98E+02 -0.206 
6. 1E-lE+02 0.245 
6.32E+02 1. 560 
6.59E+<Zl2 1. 112 
6.88E+02 0.315 
6.64E+02 --1. 858 
6. 34E+0�� -1.107 
5.67E+Cll2 -2.211 
4.90E+IZl2 1. 296 
4.11E+Ql2 �). 461 
3. 5:::::E+02 _,�. 192 
2.89E+02 121. 896 
2.45E+02 -1.755 





TDHZ ARRAY, 16 DATA POINTS, RAMP: 220.0 MICRDSEC, DATA: K2W 
2304 100N 002W Z OPR XTL L 6 8+100 
Ch.21 = 0.22 Ch.22 = 0.89 Ch.23 = 19 Ch.24 = 92 
RMS LOG ERROR: 9.47E-03, ANTILOG YIELDS 2.2050 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
II F II MEAN�; FIXED PAF�AMETER 
p 1 1. 00 
F' ':·' -· 0.00 0.99 
p 3 0.00 0.m� 0. 9C'f 
T 1 0.00 -0.01 0.00 0. 9S"' 
T 2 0.00 0.00 0.00 0.0i2l 




10 5 � 
� i :::::E I 4 � 10 
§ 100J 
� � 
t- I z 











10 0.001 0.01 
TIME (SEC) 
MODEL: 
u 198. I 
Ql 
_,_, OHM-M 103. M 
co 
��1104. 














l CD % ERROR: 3 . 20 
CALIBRATION: 1 




















MODEL: 3 l_AYE:r.:;:s 




1. 1. 7::::. 
TH1ES 
l. 8.90E-05 
2 1.10E - 04 
-:r l.. 413E--C2l4 ... :' 
4 1 . 77E -0ll 
5 2. �'0E-04 
6 2.80E-04 
7 3. 55E--Ql4 
8 4-.43E-04 
9 5. 64E--04 
10 7.13E-04 
1 1 8. 81 E--(2)Lf 
12 1 . 1 0E -·er:::: 
l. 3 1 • 41 E -- (2) :3; 
14 1. 80E-0:r. 
l c:· . ..J 2.22E-03 
16 2. B5E-tzr:. 
l.7 3. 60E-·Ql3 
18 4.49E-03 























( M) <FEET> LAYER 
531ZJ. 4 1740.0 
427.4 1402.1 0 o::;" • ..J
151.(ll 495. e:_, 0.3 
CALC '/. ERROR STD ERR 




6. 4 7E+((J2 2.317 
6. 46E +0::0� -1.557 
6. ::3E +02 -1.964 




3.flJ8E+02 1. 148 
2.43E+Ql2 1.391 
1.95E+IZJ2 -0. 143 
1. 61E+0:::� -0.072 
1. :.:;0E+02 -2.691 
1.07E+02 -1.252 
9.03E+01 1.764 





TDHZ ARRAY, 18 DATA POINTS , RAMP: 210.0 MICRDSEC, DATA: K3W 
23(2)4 1Ql0N 003W Z OPR XTL H 4 8+100 
Ch .21 = 0.21 Ch .22 = 0.089 Ch.23 = 19.5 Ch.24 = 
RMS LOG ERROR: 1.37E-02, ANTILOG YIELDS 3.1982% 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
' 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
F· 1 0.95 
p 2 --·0. 04 0.08 
F' 3 (2)" 03 --0. (2)4 0.86 
T 1 -0.09 -·0. ��2 flJ.07 0.80 
T 2 (2).03 (2). 1(2) --(2) .. 02 0.(2)7 0.97 
p 1 p 2 p 3 T 1 T 2 






f 5 i � 10 0 :1 
� 
I 
>- -; l r � 
H 
> 4 
� 10 . 
� � UJ . 
a: I 








I I I I niiJ 0.001 I I I I II If I 0.01 
TIME (SEC) 
�10DEL: 
"0 44.3 I 
Q) 








HQHM-M 724. M 
-
U) 





I" I I I I� CD% ERROR: 4. 30 



























51217. :;i 1665. (.IJ 
488.4 160:2 . 4 44.3(2) 
9000.00 
8.21 
72�] .  '-) -23�j�� :� -771.5 
T I MES DI�T{-1 CPcL.C /. ERROR 
1 8.90E-05 5.70E+02 5. T::: E+02 -0.426 
� 1.10E-04 L 5. 64E-HZl2 5.69E+02 -0.803 
� � 1 . 40E-04 5.76E+I2l2 5.B1E+02 -0.951 
4 1.77E-04 5.99E+02 6. ll.E+02 -·1. s:::::9 
5 2.20E-04 6.44E+02 6. �jL�E +02 -1.585 
6 2.8 0 E - 04 6.95E+02 7. 2:3.E+02 -3.839 
7 3.55E-04 8.08E+02 8. :t 8E+02 -·1. :t 72 
8 4.43E-04 9. 35E·HZC c-;·. 32E +02 (1'). 358 
a 5.64E-04 ' :l • 1 :2:E +12i3 1.08E+03 3.401 
10 7.13E-04 1.27E+03 1.21E+0:::; �:;. 444· 
1 1 S.BlE-04 1.. :::::0E +03 1 .25E+ !Zl 3  4.102 
1� k 1.10E-03 1.21E+03 1.18E+03 2.496 
13 1.41E-03 9. 9:::::E+02 9 . 89E+ !Zl 2  0.430 
14 1.80E-03 7. 70EH�I2 7. 85E+C�2 -1.826 
15 2.22E-03 6.10E+02 6 . 26E+02 -2.565 
16 2.85E-03 4.67E+02 4.80E+02 -2.773 
17 3.60E-03 3. 69E-H2l2 3 . 75E+02 -1.404 
18 4.49E-03 :5. 12'JBE +IZJ2 2. <7'7E+02 3.465 
19 5.70E-03 2.47E +02 2. ::::;4E +02 5.821 
CONDUCTANCE ( s) 
U.")YEF� TOTAL 
0.4 (2).4 
0. 1 IZJ.5 
STD ERR 
R: 152. X: 0. Y: 152. DL: 305. 
TDHZ ARRAY, 19 DATA POINTS, RAMP : 
2404 100N 004W Z OPR XTL H 4 8+100 
REQ: 169. CF : 1.0000 
200.0 MICROSEC, DATA: K4W 
Ch.21 = 0.2 Ch.22 = 0.089 Ch.2S= 20 Ch.24 = 92 
RMS LOG ERROR: 1.83E-02, ANTILOG YIELDS 4.3042 /. 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX : 
"F" MEANS FIXED F't:,RAMETER 
p 1 0 .. 81 
F 2 0 . 00 0 . 00 
p -::-·-·' 0.16 fZJ.(Z)(Z') 0.34 
T 1 ·-IZI. 20 0.01ZJ 0. 18 0 . 78 
T 2 0 . 01 IZJ.!ZJ0 -!Zl.IZJ4 12l.!ZJ1 1. 00 









::k 5 5 10 
� 





� I I I I IIIII 
-5 -4 














Q.) "8 7. 50 












% ERROR: 10. 1 
CALIBRATION: 1 





















MODEL : �:: L.AYEI::;;t; 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S> 
<OHM-M) <M> <M> <FEEn LAYER TOTAL 
59. IZHZl 











9 5. 64E·--Ql4 
10 7. 13E--IZJ4 




r::  , 1. 41E-03 
14 1. t30E--IZJ3 
l5 �2"22E-03 
16 :?.85E-IZ'J3 
17 :::;; . c>IZ'JE --03 









4. 38E-H2l2 4.42E+IZl2 
4.21E+IZl2 4·. 25E+02 
Ll·. 212lE+02 4.21E+CZI2 
4.30E+02 4.30E+02 
4.53E+Ql2 4.52E+IZl2 
4.79E+02 I.J . •  91ZtE -H)2 
5.42E+02 5.45E+02 
6.23E+02 6.10E+02 
7. 36E +!ZJ::� t>. 85E +02 
8.63E+02 7.31E+IZl2 
8. 38E+(ZJ2 7.2121E+f212 
7.23E+02 6.49E+02 
5.61E+CZI2 5.30E+1212 
4·. T5E+IZJ2 4.20E+IZJ2 
3.2BE+CZI2 :::;; . 37E+fZI2 
2.48E+02 2.62E+02 
1.98E+02 2.1ZJ7E+IZl2 
1. 64E-HZJ2 1.67E+IZI2 
1.33E+02 1. T5E+IZl2 
1.15E+IZl2 1.07E+fZI2 


























R � 1. 52. X: CZl. Y: 152. DL: 31215. REG!: 1 c!9. CF: 1. 12H211ZHZl 
TDHZ ARRAY, 20 DATA POINTS, RAMP: 200.0 MICROSEC, DATA: 
2404 100N 005W Z OPR XTL H 4 8+100 
Ch.21 = 0.2 Ch.22 = 1Zl.089 Ch.23 = 1.9.5 Ch.24 = 
RMS LOG ERROR: 4.17E-02, ANTILOG YIELDS 10.0829 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 























10 10 0.001 
TIME (SEC) 
11 IIIIIJ I 
0.01 
r-n 
MODEL: - I u70.8 
� OHM-M 40 . 6 M 
co 
tODD I 




·G 4. 18 












% ERROR: 17 . 1 
CALIBRATION: 1 

















� t \ !1 I • 
• 





( 1'1) <FEET> 
442.0 1450.0 




638.4 -237.1 -777.8 
T II'1ES DATA CALC % ERROR 
1 8.90E-05 4.38E+IZl2 4.51E+02 -2.711 
,.., l.liZJE-04 ..:.. -'l. 22E H'.l:..� 4.30E+02 -1.955 
-:• ·-' 1 .. 40E-04 4.15E+Ql2 4.22E+02 -1.714 
l) 1.77E-04 LI·.17E+l'J2 4. 28E+0:� -2.547 
c::- 2.2 0E - 0 4 ...J 4. :31E-HZI2 4.45E+02 -2.950 
b 2. 80E-Ili4 4.51ZJE+02 4.78E+02 -5.773 
7 :::;:. 55E-1Zl4 5.12l7E+W2 5.29E+02 -:3:. 997 
8 4.43E-04 5.90E+02 5.95E+02 -0.925 
9 �i. 64E--04 7.29E+02 6. '-12E+!Zl2 5.292 
10 7. 13E-04 9. 07E�+02 8.04E+02 12.776 
11 8.81E-04 1.11E+03 8. 94E-HZI2 24.484 
12 l.l0E-03 1. 24E+0�5 9. 2:='jE+02 33.691 
13 l.4l.E-03 1.01E+03 8.45E+02 1.9.116 
1.4 1. BiZIE--03 7.29E+02 6. 97E+!?)2 4.718 
15 ::� .. 22E --03 :':'L 40E+!Zl2 5.61E+02 -:::) .. 682 
16 2.85E-03 4. 03EH�I2 Ll·. 28E+02 --5. 860 
17 ::.=::. 60E·-03 2.98E+02 3. ::.�1E+!Zl2 -9.881 
18 4.49E-03 2.52E+02 2.60E+02 -3. e1s3 











TDHZ ARRAY, 19 DATA POINTS, RAMP: 200.0 MICROSEC, DATA: K6W 
2404 100N 006W Z OPR XTL H 4 8+100 
Ch.21 = 0.2 Ch.22 = 0.089 Ch.23' = 19.5 Ch . 24 = 
RMS LOG ERROR: 6.84E-02, ANTILOG YIELDS 17.0640 % 
LATE TIME PARAMETERS 
* Blackhawk Geos c iences , Incorporated * 
PARAMETER RESOLUTION MATRIX: 
"F II MEANS FIXED PARAI''1ETER 
p 1 1.00 
F 2 0.00 0.00 
F 3 (2).0el 0.0(2) 0 .. 00 
T 1 0.00 (2).00 0.00 1. 00 
T 2 fll. IZHZl 0.00 IZJ.Q)(ZI 0.00 1. 00 







�� I - 1 
MODEL: 
"'CJ 52.5 I 















u --- --�--;::; 4 












� ' ! -� 3. 81 
j �OHM-M aD Q.l 






100 l I I I '""I I I I 111111 I I I "�"I � �% ERROR: 32.2 
-5 -4 CALIBRATION: 1 


























EL E WH I ON 
< M) <FEET) 
51::: . 1 1680.0 
4!36 .. ::::. 1595.4 
9000.00 
3.81 
25 .. 8 
7l;,2. 3 -276.0 -905.6 
TIMES DATA CALC % ERROR 
1 8.90E-05 5.09E+02 4.97E+02 2. �:54 
2 l.llZlE-04 4.89E+(2)2 4.85E+02 0.86 8  
..,.. 1 . 40E --IZll+ ... ;. 4.84E+G2 4.87E+(Z)2 -IlL 617 
4 1. 77E-0Ll· 4.88E+02 :i. 04E+02 -3.078 
c::' 2.2QJE-04 ....J 5.1.3E+02 5. �:2E+02 -3.741 
6 2. B!ZIE -Q'Jf.l. 5.49E+02 5.81E+02 -5.502 
7 3.55E-04 6.46E+02 6.52E+02 -0.859 
8 4. 4�.:: E--04 7. '7'3E+02 7.43E+02 6.751 
9 5. 64E-Ql/.!. 1. 04E+03 8. 7 ,.SE +02 19.062 
10 7. 1�5E-��4 1. 52E+IlC 1.04E+03 46.803 
11 8.81E-1Zl4 1.83E+03 1.18E+03 54.689 
12 1.1JZJE-03 1. 9c:r'E+03 1.27E+03 56.740 
l -:r . ·-· 1 .. 41E-·0::::: 1 . 58E +(2):3 1.21ZlE+Ql3 32.08(2) 
14 1. 80E-·03 1.08E+03 1 . 01.?JE +0::::: 7.382 
l t:' • ....J 2. 22E-0�:: 8.09E+I2l2 8. (I)CJE +02 0.088 
16 :-2. ssE -rzr::: 5. 65E -1-(2):;:2 6.1.4E+02 -7.974 
17 �:. 60E-%3 4.39E+02 4.71E+02 -6 .. 875 
18 4. 49E-Qr::: 3.54E+02 3.67E+IZl2 -3.560 
19 5. 70E-·Cin 2.92E+02 2.£HE+02 3.714 











TDHZ ARRAY, 20 DATA POINTS, RAMP: 200.0 MICROSEC, DATA: K7W 
2404 100N 007W Z OPR XTL H 4 8+100 
Ch.21 = 0.2 Ch.22 = 0.089 Ch.23 = 18 Ch.24 = 92 
RMS LOG ERROR: 1.21E-01, ANTILOG YIELDS 32.1530 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
CURRENT RESOLUTION MATRICES NOT AVAILABLE 
-· 
------------�------
































Q) .8 36.3 
Cl) OHM-M 0 



















































3t). �3: :� 
Tli''IES 
1 8.91ZlE-!Zl5 
2 1. 11ZlE-04 
< 
·-· 1.40E-!Zl4 




7 ��:. 5�5E --04 
8 4. 4�5E-04 
9 5.64E-04 
10 7.1�5E-04 
1 1 8 .. 81E-·Ql4 
12 1.10E-IZJ3 
1 -;� ·-· 1 .. 4· 1 E--12l3 
1 1.1· 1.80E-03 
11:' ,.J 2 .. 22E-�03 
16 2.B5E-1Zl3 
17 ::. 60E·-03 




4.85E+02 4. 90E:+IZl2 
4.66E+IZJ2 4.88E+Ql2 
4. 61E+0:;: 5. (ZIIZJE+!Zl2 
4.77E+02 5 . 23E+!Zl2 




1.0 1 E+03 9.1Zl5E+02 
1 .. 14E+03 1.03E+IZl3 
1 .27E+03 1.17E+IZl3 
1 • 25E -1 .. 03 1.26E+03 
1 .  13E+IZt3 1.24E+03 
1 . 1 3E+IZl3 1 . 1 :;�E +!Zr�: 
9.22E+02 9 . 36 E + 02 
7.20E+IZl2 7.70E+!Zl2 
6. t:>8E+��:2 6. :::nE+IZl2 
�5. 78E +02: 5.14E+02 
�<. ERROR 
3.17.l19 




- 1 0. 113 
-5.468 
0.42 1 
-, r::·rc. .. , . �,_, 






-- 1 .  529 
-6. 4:::::s 








(2) • !".5 
(2).6 
R: 1 52 . X: !Zl. Y: 152 . DL: 305. 
TDHZ ARRAY, 19 DATA POINTS, RAMP: 
2404 100N 008W Z OPR XTL H 4 8+100 
REQ: 169. CF: 1 . 0000 
211Zl.0 MICROSEC, DATA� KBW 
Ch.21 = 0.21 Ch.22 = 1Zl.089 Ch.2� = 18 Ch.24 = 9 
RMS LOG ERROR: 4.61E-1Zl2, ANTILOG YIELDS 11.1861 % 
LATE TIME PARAMETERS 
* Blackhawk Geosciences, Incorporated * 
PARAMETER RESOLUTION MATRIX: 
II F II MEANS FIXED PARAI'1ETEF\: 
p 1 Ql .. B7 
F 2 0.00 (2).00 
p �: 0. 12 0 . 00 !Zl.31Zl 
T 1 --((.). 14 (2).1Zl!Zl IZl. 14 (2).84 
T 2 !Zl.!Zl0 (2),Ql0 -0.1Zl2 0.00 
p 1 F 2 F' 3 T 1 
L Ql0 
T 2 
• 913 135/23 16:136 313327813789 
INc. 
17�01 WfS1 COLFI<H•V( SUIT( 170 ClOL.Cll N, CO IICJ•OI 
�ONr (3031 278-11)0<1 fAX (301) 111107119 
BGI Fax No.s (303) 278-0789 
FACSIMILE COVER LETTER 
Date: 
Sl' .,:;�Itt o 
Please deliver the following pages to: 
Name: I ,.,..,., �� 
Company: W� e;;;J).<....b � � City; 
Fax No. : ( �og) _;;s=-�;::f:>;...-_-?_;_a=..:..l4:f...:.__ 
__ __ _ 
From: "t'Vtu.t:...  Time sent: 
I 
BUlCt H�Wt •• )1 
-z-.-s / qa 
I: 7-vf 
.I I 
There are � paqe(s) to this message including cove� letter. 
Sent 
by:-+ 
Telephone: (303) 278-8700 
Additional Comments: 
4.. '90 05/23 16:06 3032780789 
8LACKHA"ft( GEOSCIENCES. INC. 
.]. 
17J0Hfi1£�H Otli\XIIVl Sllllt 110 001111 N C'O 11(1401 
r�tor�t ,Jtl;lt :·tllltlo,, rAx t30J) nKorM May 23, 1990 
BLRCKHP.WK 
Tom Na 
water Resources Engineering 
680 Ala Moana Boulevard, Suite 200 
Honolulu, HI 96813 
Dear Tom: I 
We received the data from Ewa Marina from Rich 
and will begin working on the data. 
th�s morning, 
i 




The invers ion results are attached. 
I 
Your understanding of the inversion process !is correct. 
We can fix parameters (such as the resistivtty or 
thickness of a layer(s)) in order to optimi�e the 
determination of the other parameters. In �act, we do 
this quite often for the resistivity of the / &aline 
water lens (often fixed at 2.5 ohm-m). In 'he case of 
fixing the saline water at 2.5 ohm-m we do ihis because 
soundings taken at lower elevations often c n derive 
this value fairly accurately. At higher el vations the 
soundings 11look11 towards a very conductive ayer but 
cannot resolve its resistivity. By fixing !t at 2.5 
ohm-m, in these cases we reduce the relativ error in 
depth to the conductive layer between the s undings. 
With the TDEM method we are mainly sensitiv / to the 
conductivity of layers (the inverse of resi tivity). 
For low values of conductivity (high resist vities) 
TOEM is not highly accurate. In the case o Figure 
4-1, there are several reasons why we group d a very 
large resistivity range into unweathered vo canics. 
These are: 
(1) Firstly, we cannot accurately determi�e high 
resistivities (e.g., > 500 ohm-m) in �he 
inversion. For example, in Figure 1 �he 
equivalence analysis for station 8 is !shown. For 
this analysis all four-layer models w ich will fit 
the data to less than 3.7 percent RMS error are 
given. · The error between the data an the model 
used in the report is 2.7%. Note how the two 
conductive layers are tightly constra ned, and how 
,., 
•02 
'90 05/23 16:07 3032780789 BLACKHilWK .. 
Tom Nance 
Water Resources 
May 23, 1990 
Page Two 
Zngineering 
the two resistive layers show wide valul ranges . 
In Figure 2 the same analysis has been performed 
for sounding 10 with the same conclusions; 
I 
(2) In nature slight changes in mineralogy pan result 
in these wide variations at high values j of 
resistivity for unweathered volcanics, �nd 
(3) The TOEM data are interpreted using a o�e­
di�ensional layered resistivity sectioJ . In the area suspected to be contro lled by structures, etc., 
this 1-0 assumption can be expected to be in error. �nd, 
therefore, caution must be exercised in interpreting �he 
resistivities and thicknesses of units into geologicj�ydrologic 
units. It is for this reason that more geoelectric c�oss­
sections were not produced , and the interpretation wa1 simplified 
to just grouping similar sounding results. Externa l  o the dike­
controlled zone the 1-0 interpretation is expected to be valid. 
Sincerely yours, I 
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